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Background:	 We	 describe	 the	 development	 of	 a	 new	 mobile	 app	 called	 ‘FootSnap’,	 to	
standardize	photographs	of	diabetic	 feet	and	 test	 its	 reliability	on	different	occasions	and	
between	different	operators.	Methods:	FootSnap	was	developed	by	a	multidisciplinary	team	
for	use	with	the	iPad.	The	plantar	surface	of	30	diabetic	feet	and	30	non-diabetic	control	feet	
were	 imaged	 using	 FootSnap	 on	 two	 separate	 occasions	 by	 two	 different	 operators.	
Reproducibility	 of	 foot	 images	 was	 determined	 using	 the	 Jaccard	 similarity	 index	 (JSI).		
Results:	High	intra-	and	inter-operator	reliability	was	demonstrated	with	JSI	values	of	0.89-


















same	 diabetic	 feet	 on	 separate	 occasions	 and	 in	 the	 hands	 of	 two	 separate	 operators.	
Additionally,	we	 aimed	 to	 establish	 these	 reliability	 parameters	 in	 healthy	 control	 feet	 to	







objective	 of	 standardizing	 the	 acquisition	 of	 diabetic	 foot	 photographs	 for	
longitudinal/follow-up	 investigations	 of	 the	 plantar	 surface	 of	 the	 diabetic	 foot	




ii. Production	 of	 a	 ‘ghost	 image’	 of	 the	 foot:	 generates	 a	 picture	 of	 the	 plantar	 foot	
surface,	 in	addition	to	an	outline	of	the	foot	termed	the	‘ghost	image’	(Fig.	2).	The	








After	 receiving	 ethics	 committee	 approval	 from	 the	 relevant	 bodies,	 15	 diabetes	 patients	
(aged	between	43	and	74	years)	and	15	controls	 (aged	between	20	and	40	years)	without	
diabetes	or	any	foot	pathology	(i.e.,	a	total	dataset	of	60	feet:	30	diabetic	and	30	control	feet)	
took	 part	 in	 this	 study	 testing	 FootSnap’s	 reliability.	Major	 inclusion	 criteria	 for	 diabetes	
	 5	
patients	included	a	history	of	plantar	ulceration	and	the	presence	of	peripheral	neuropathy	
assessed	with	 the	 vibration	perception	 threshold	 (VPT),	measured	using	 a	Biothesiometer	
(Medical	 Instruments,	 Newbury,	 OH	 USA)	 and	 the	 modified	 neuropathy	 disability	 score	






one	 foot	 at	 a	 time	 and	 the	 participant	 was	 asked	 to	 adopt	 a	 comfortable	 position	while	
relaxing	their	legs	and	feet,	which	meant	the	foot	was	typically	slightly	externally	rotated.	Two	
different	 operators/experimenters	 acquired	 foot	 photographs	 from	 all	 participants	 using	
FootSnap,	each	on	two	separate	occasions.	Each	foot	photograph	on	each	of	the	four	separate	
occasions	 (two	 operators,	 each	 on	 two	 separate	 occasions)	 involved	 the	 participant	
repositioning	on	the	bed	and	required	re-alignment	of	the	iPad	and	re-starting	of	FootSnap	
by	 the	 operator.	 This	 approach	 enabled	 assessment	 of	 intra-	 (i.e.,	 photographs	 taken	 on	
separate	 occasions	 by	 the	 same	 operator)	 and	 inter-	 (photographs	 taken	 by	 different	
operators)	 operator	 reliability.	 Photographs	 could	 be	 re-acquired	 using	 FootSnap	 if	 the	
operator	was	not	satisfied	with	the	outcome.	The	alignment	of	the	ghost	image	on	the	foot	
and	the	subsequent	acquired	photograph	was	the	only	 ‘feedback’	operators	received.	Any	




The	dataset	consisted	of	a	 total	of	240	separate	 foot	 images	 from	30	people	 (15	diabetes	
patients	 and	 15	 controls	without	 diabetes),	with	 four	 images	 acquired	 for	 each	 foot:	 two	
captured	by	operator	1	and	two	captured	by	operator	2.		






To	 quantify	 intra-operator	 and	 inter-operator	 reliability	 from	 images	 acquired	 using	
FootSnap,	the	Jaccard	Similarity	Index	(JSI),	a	statistical	approach	to	determine	the	degree	of	
similarity	of	two	datasets	[6]	was	calculated	as:		























for	 capturing	 standardized	 photographs	 of	 diabetic	 feet	 within	 a	 follow-up	 study,	 or	










FootSnap,	 differences	 in	 the	 reproducibility	 found	 in	 the	 present	 study	 should	 be	 further	
interrogated	to	understand	the	source	of	these	errors.	This	present	study	illustrates	proof	of	
concept	 for	 the	 fundamental	 conditions	 required	 in	 standardizing	 foot	 images,	 but	 future	
developments	will	determine	the	sensitivity	and	specificity	of	the	app	for	 imaging	diabetic	































































Figure	5.	 Inter-operator	reliability	 (between	operators	1	and	2)	 for	FootSnap	capturing	(A)	
diabetic	feet	and	(B)	control	feet.	Values	shown	are	for	individual	feet	(n=60	across	A	and	B).	
A	Jaccard	Similarity	Index	value	of	1	indicates	perfect	agreement	between	the	two	images	in	
terms	of	shape	description.	
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